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Abstract: Food safety is closely related to human health and life. Contaminated foods may

result in illness or poisoning. For example, perfluorinated compounds can concentrate in the
human body, or they can be transferred to the baby during breastfeeding, thus leading to seri-
ous health risks. Phthalate esters may cause damage to the liver, lungs, and kidneys. There-
fore, food safety has become a hot topic at a global level. Poisonous and harmful substances in
foods are derived from the environment, planting or breeding, food contacting materials, and
food processing, or due to unsuitable storage conditions. Residues of pesticides and veterinary
drugs, organic pollutants, additives, heavy metals, and biotoxins often hamper food safety,
causing diseases or even death. The diversity of available food species, complexity of the sam-
ple matrix, and lack of information about the source of pollutants render the direct determina-

tion of food contaminants difficult. Pretreatment is vital for the accurate analysis of trace toxins
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in foods. Optimal pretreatment can not only improve the extract efficiency and determination
sensitivity, but also prevent instrument contamination. Pretreatment techniques have played an
important role in trace determination for complex matrices. Pretreatment methods can be clas-
sified as solvent-based and adsorption-based methods. Adsorption-based techniques such as sol-
id-phase extraction, magnetic solid-phase extraction, and solid-phase microextraction are sim-
ple and efficient, and hence, are widely used. In these pretreatment techniques, adsorbents
play a key role in the extraction effect. In the last few years, metal organic frameworks, metal
oxide materials, carbon nanotubes, graphene, and magnetic nanoparticles, as well as a combi-
nation of these materials, have been used as adsorbents. These materials are porous and have a
large surface area; they are used to enrich trace targets and eliminate interferents.

Covalent organic polymers (COPs) are a class of organic porous materials constructed from
organic monomers via covalent bonding. Given their excellent characteristics such as light den-
sity, good stability, high surface area, structural controllability, and ease of modification,
COPs are potential adsorbents. COPs are often synthesized by solvent thermal methods. Howev-
er, these methods are time-consuming and require toxic solvents and harsh reaction conditions.
As alternatives, room-temperature methods, mechanical chemical methods, microwave-assis-
ted methods, and UV-assisted methods have been developed. This has facilitated the synthesis
of a wide range of COPs. In this article, the recent applications of COPs in sample pretreatment
for food safety analysis are reviewed. COPs can be used in solid-phase extraction by simple
packing into columns, polymerization, or chemical bonding in the capillary. Magnetic com-
pounds have been prepared by one-pot synthesis, in situ growth, in situ reduction, or
coprecipitation methods and used in magnetic solid-phase extraction. Coatings of solid-phase
microextraction fibers are fabricated by physical methods, chemical bonding, sol-gel methods,
or in situ growth. Toxic and harmful substances in foods and foodstuffs are efficiently extrac-
ted by exploiting the high adsorbent capacities and specificity of COPs. Future development
prospects and challenges in sample pretreatment are also discussed herein. There is increased
focus on the development of simple, efficient, and environment-friendly methods to synthesize
COPs with specific functions; further, high-throughput, sensitive analytical methods may be
established. In the future, more specific COPs will be prepared in a cost-effective manner for
widespread use in sample pretreatment.
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Fig. 1 Schematic fabrication process of Fe;0,@ COF-(TPBD) and the application to magnetic solid phase extraction!?!

TP. 1,3,5-triformylphloroglucinol; BD: benzidine; PAHs: polycyclic aromatic hydrocarbons.
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Fig. 2 Schematic diagrams of (a) preparation of SNW-1 and (b) fabrication of the SNW-1 enrichment coating!?"!
SNW . Schiff base networks.
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COFs WM R 5 7k . AT 3-2 N 2k = £ 28 Ak
REREB AN LSRG R TP 52 845,
A 6 B R 42 i COF-TPBD W i} )=, COF's
G M SPME il # WKl 3, 51 fk SPME 1% )2
PDMS (30 wm) .PDMS/DVB (65 wm) A L., COF-
TPBD (10 pm) X} 2 S5 A HAT H & ) 5 LW+
X FEF I T B - HERL S7ARZS [l 47 B 3%
P EESERIVEF S5 5, 2T, TR 7 £
Tk 7= i v 22 2R 1Y HS-SPME-GC-MS/MS 43 #r
Jiid, SHAAT IR A, 2% 07 A AR R
HFR, R ZE 0.07~0.35 ng/L, &£ R T4 4471 ~
7 488, AR E 87. 1% ~99. 7%, FRWFFEFEM
Ll COFs N[ 21 SPME 214t , B4 B 4T 1y #da
EMEREERR e M, 7T T E 4 R & HiRY
) iR R AR U B | IS E R R AR ARSI T ik |
4 COPs T HAth TR PRI A

AL Gk SPE L fl b WA R TR T
5 B A T A AR P B W 4 5k 5K SPE ( pipette tip
SPE, PT-SPE) ., VL PT {4 SPE fUAE{A H M i 551
SEAE PT hil 5% PT-SPE, AT L4545 W B 50 FH &
TR RE %5 H A9, Chen %57 D)4 @ A HLAE

== BD

TFPB-BD bonded fiber

E 3 (a)% TFPB #1 BD 4R =B AR TFPB-BD 5 (b) =i8%|% TFPB-BD {L ¥4 SPME F48)REE 3
Fig. 3 Illustration of (a) room-temperature synthesis of TFPB-BD via the condensation of TFPB and BD and

(b) in situ room-temperature preparation of the TFPB-BD bonded fiber!?!
TFPB: 1,3, 5-tris (4-formylphenyl ) benzene; BD: benzidine; RT: room-temperature; APTES: 3-aminopropyltriethoxysilane; SS: a

stainless steel wire fiber.
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ZR-IEM A HUHE S 2% 58 bR S W B 590 il 4% T PT-
SPE, HI TAHUK A0 A& S i B e 2459
a2l COFs AW fff 551 il £ PT-SPE., W B 57 5 It
B PR GBURL S 5 | I 28 | ANIE A KR Pkt [
B Yan 5554 L= 550 R0 A Sy oA g
2T RN 45 25 M HESR A1 BE(SNW-1) , SR )5 Rl
iR 25 22 R i 2% 3R VO 0 I - FR 5 T Do) 8% 45 ) E 4
B & A ) ( polyacrylonitrile@ SNW-1, PAN@
SNW-1) , 3 DLt I /E T PT-SPE, % SNW-1 5
B2 25 22 18] ()38, ar-r M EL AR, AEh 0 1A
FURE TR v il e 218 25 ) 1 W B R 4 B S, Wang
4035 1y ) 46 T L PAN @ COF-SCU1 = W J 31 114
PT-SPE, Fl T HLME ARG+ UBR R A A0, He T
WELKW) 5 COF-SCUL Z Ia iy H/EH - H
HAEM . S8 BKIER, #5377 Pl PAN@ COF-
SCU1 Wit 1 PT-SPE-LC 43#7 7 1, £ Pk 7
J& 4~70 ng/mL, K PR 0. 6 ~3 ng/mL, & w1y
2~10 ng/mL, H N H [ RSD ¥1/NTF 9%, ik F MW,
Ll PAN@ COF-SCU1 A5 (% PT-SPE AJ LA AL
o A R RN R v ) DU BR 2 W, T ST Y
Gy BT ELA A v 1 RS R e A 2

IR HAR Y 2o B AT AL 3L | 5 6% I8l
ShG, T AR AT P A7 R B 4y B 7 . Zhang
SR USRI P — Ak A R LAL R A il 46 T T AR
Iy FENI I BEAL B9 COFs E &4k, H T8 £ %

e R R R e, 2k W AR S RIS 2O A% 8k
sir A1 HPLC 6710 B iz, 5 A SRk N 1 e P R
35~35000 pg/kg, kit FRA 7.0 wg/kg; & HPLC
A3 R £ PR BBl 2 20 ~ 2000 pg/kg, K PR A 5
pg/kg, XK, F XA E A b RS B 5 S H
T AT AR AT I 2 — Pl | e M R A A
M Jrik, Zhang 55057 il g T ALY A 4R, DA
Tp F1 Pa by HLA 52 5 77 #1474 il & COF-TpPa, 4%
Ji VLA HOBCA AR 43 F , 8 2 — i e = 0 T A Al
P HH T A R rh Vb 8 3 2858 ORI IR B e 4 0T
HEAT OIS B, B KW 771 mg/g, K il
FRAKZE 1.6 pg/L, Zetk i H 5~100 pg/L F1 200 ~
2500 mg/L, B A%k 86. 5% ~ 106. 5%, ¥
SRy ENE L B Y COFs & A M BHE S PR 1
w4 PR JE #7906 43 b , AN H BRAIG, 43
By R, HAT 3k S 58 A 63 20 b v A= P 2 B )
T, Jy 5 A it 5L o b B Y A B A T 2S5 T
Fei

M EIREGWEA S LRI 5 TYhefk
BEMRAERAE R LR IR N b B T RGP E R
fiE, B il e SPME ¥ )22 55, VR S B i b 34 R
I B A B R e B T R & H AR B
R RS PER AR IA X EARHE B R A oA
FE b AL 3 T TR N LR 1,

F 1 COPs ERRZEHHHERETALE F AR A
Table 1 Applications of COPs in sample pretreatment prior to food safety analysis

Analytes Samples Pretreatment Adsorbents Analytical methods  Reference
Carbamate milk, white wine, SPE, MSPE COPs-BD-THB, M-PCTP HPLC-DAD or MS  [38,39]
pesticides juice, lemonade
Neonicotinoids  cucumber, lettuce SPE Fe,0,@ TPBD-(NO,), HPLC [40]
Pyrethroids vegetables, fruits, SPE 1,3,5-benzenetricarboxaldehyde-tereph- GC-ECD, HPLC [15,29]
traditional Chinese thalicdihydrazide, MICOF ( TPBA-TP)
medicines

Benzimidazoles vegetable, fruit, MSPE Ni@ CTF-SO;H, Fe;0,@ TPBD HPLC [23,41]
juice

5-NDZs drinking water MSPE CC-TPB UPLC-MS/MS [42]

OPPs grapes MSPE Fe,0,@ DtTb LC-MS/MS [43]

OCPs vegetables, fruits SPME TpPa-NO,, CC-TPA, 1,3,5-benzenetricar- GC-ECD [28,30,44]

bohydrazide/4-hydroxyisophthalaldehyde

CPs, phenols honey, beverages, SPE, MSPE, CMPs-TPB, COFs-TP-BD, Fe,O,@ TAPB- HPLC, GC-MS, [ 16,27, 45,
canned-yellow-peach ~ SPME TPA, SNW-1 HPLC-DAD 46]

BUs juice, tea drinks, MSPE, SPE  CMP ( CZ-TPB, pyrrole-terephthalde- HPLC [13,14,47 -
milk, soybean milk, hyde) , COFs (DAAQ-TP, TP-Azo) , 49]

fruits, vegetable

HAzo-COP ( DAAQ-m-trihydroxybenzene )
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Table 1 (Continued)
Analytes Samples Pretreatment Adsorbents Analytical methods  Reference

Fluoroquinolones pork, chicken, beef MSPE Fe,0,@ TPBD@ Au-MPS HPLC-MS/MS [50]

TCs grass carp, duck, SPE, MSPE  SCU-1@ PAN, NiFe,O,@ TAPB-TPA HPLC [35,51]
water

SAs milk, chicken, pork, SPE, MSPE SNW-1 @ PAN, HCCP-DAB, Fe,O, @ LC-MS/MS, HPLC- [ 17, 33, 34,
beef, chicken, TPBD, Fe,0, @ MOF @ COF ( TFPA- DAD 52-56]
shrimp TAPA) , Fe,0,@ TPBD@ Au-8-CD, Fe;0,

@ TAP-4,4’'-biphenyl-dicarboxa
EDCs, phyto- chicken, pork, shrimp, MSPE, SPE Fe,O, @ TPBD, COF-TPT, NiFe,O, @ HPLC-FLD, GC-MS, [31,57-61]
hormones water, beverage, juice, TAPB-TPA, magG@ PDA@ TbBd, Fe,0, GC-MS/MS, GC-

packaged milk, toma- @ TPBD, melamine-paraformaldehyde FID, HPLC

to, grape juice
PAHs and their edible oil, coffee, MSPE, SPME Fe;0,@TPDA, TPBD, Fe;O0,@ TPBD, HPLC-DAD, HPLC, [22,62-65]
derivates water, chicken, fish, M-TPC-CTFs, COP-QP-TC UPLC-FLD, GC-MS/

smoked pork and MS, GC-MS

bacon, slimming tea
PFASs milk, water MSPE, SPME Fe;0,@ TpPa-F,, dioxin-linked COF UPLC-MS/MS [24,66]
PCBs aquatic products SPME TFPB-BD GC-MS/MS [32]
Tyramine fermented meats SPE MIOP-COF-TpPa HPLC [36]
HAAs fried chicken, roast MSPE CTC-COF-MCNT UPLC-MS/MS [21]

beef
DBPs drinking water SPE TpTt GC-MS [67]
Mycotoxin bean, bean souce SPE CCLP-gel HPLC [9]
Inorganic ions milk, water SPE CTPBD, DhaTab-S, PV-COF ICP-MS, IC [17,68,69]
(NO3, BrO3,
Cd*, et al)
Sudan dyes, mushrooms, noodles, SPE HL-COPs, MICOPs ( Tp-2, 6-diaminopyri- HPLC-DAD, HPLC [7,10]
FWAs wheat flours, sausage, dine)

chilli powder

Azo: 4,4-azodianiline; BD: benzidine; CC: cyanuric chloride; CPs: chlorophenols; DA 2,6-diaminoanthragsnuinone ; DAAQ: 2,6-
diaminoanthraquinone; DAB: 3,3’-diaminobenzidine; Da-V. vinyl modified 2, 5-dihydroxyterephthalaldehyde; DhaTab-S: surfactant
modified COF ( Dha Tab-V); Dt: 2, 5-dihydroxyterephthalaldehyde; DBPs: disinfection by-products; EDCs: endocrine disrupting
chemicals; EDA electron-donor-electron acceptor interactions; FWAs. fluorescent whitening agents; HCCP . hexachlorocyclotriphos-
phazene; M-PCTP. magnetic porous covalent triazine-based organic polymer; MICOPs: molecularly imprinted covalent organic poly-
mers; OCPs: organochlorine pesticides; OPPs: organophosphorus pesticides; PAEs: phthalate esters; PAHs: polycyclic aromatic hy-
drocarbons; PAN: polyacrylonitrile; Pa-NO,: 2-nitro-1,4-phenelynediamine; PCBs: polychlorinated biphenyls; PD: p-phenylenedia-
mine; PUs: phenylureas; PV-COF: porphyrin COF with viologen SAs. sulfonamides; SNW. Schiff base networks; SNW-1. COF (mel-
amine-terephthalaldehyde ) ; SCU-1. COF(TMC-PD); TP. 1,3,5-triformylphloroglucinol; TAP. 5,10, 15,20-tetrakis ( 4-aminophenyl )
porphyrin; TAPA . tris(4-aminophenyl)amine; TAPB. 1,3,5-tris(4-aminophenyl) benzene; Tab: 1,3,5-tris(4-aminophenyl ) benzene ;
Tb. 1,3, 5-tris (4-aminophenyl ) benzene; TCs: tetracycline antibiotics; TFPA; tris ( 4-formylphenyl ) amine; TFPB: 1,3, 5-tris-( 4-
formylphenyl ) benzene; THB: m-trihydroxybenzene; TMC: trimethyl chloride; TPA: triphenylamine; TPA: terephthaldicarboxalde-
hyde; TPB. 1,3,5-triphenylbenzene; TPC: triptycene; TPT: 2,4,6-triphenoxy-1,3,5-triazine.

5 HETEE S, o B R ] A D7 IR IH S COPs [T 5T

g5 BTk, Z LB COPs K& T H i LR 1
R ELAT 5 R4 B2 P R , 76 B8 ot 42 4 73 BT i Ak B
R TR R AR, A ik, COPs fE &
sty MM ity AL B UIRATS A R T 2 — 2
58 1) Ml 4577 1% COPs il 5 J7 12 DA vy il i3 79 #40%
N ZTDTIERERE, BN A AR 2 R R e, T

Beaith, AL %A AT COPs iz . 2) Tiigfk
COPs BEit il &« FF il AT Ak B 5 COPs 1% Fff 73
By, 22 MR S i, 7R R R HARP AR, 36
AL SR E S R, A 5l 242 COPs I {4k 2
Ja , EIRFEAR T R , (E T REHE L Ak 540
XA TR T, PR AR HARYIFRRAE , 45 ek
e 55 A Ty AE 2R AT R U Sk i & 2 fE Ak
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COPs; 3, COPs JtJit & M5 - 2517 an 2 H Ak | % 5
b B LD RE LB, ZH ok COPs 1) — KAfF5T
PIZE . 3) MARHE TS it 0 X 5 ORI (4 5% T 7 78 0
TG FRUBA X U380 SR 118 5% Wi BfF 58 A 20>, W o AL B
T IRAG T, 4) JF ¥ COPs 143 A 4548 1) 38 i
F . COPs — i AT B K R, BRI, w4 hy i K 1
HERPI MR, R HARPI 5 1 COPs W] BLHAE
i MALDI 2 i o3 B 1) SR 6 5, o 46 AR, B
RS S5, Rl BT 4 & 2 24 e A i A il i, sl
APRSE SIS AT, 45 g 40 b R R AR
M2 Bl PR A8 R 1) & R AE LB A TR A
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